Dural arteriovenous fistula (DAVF) involving the hypoglossal canal is rare but increasingly reported. To achieve complete obliteration without a procedure-related complication, understanding of the precise anatomy of this DAVF is essential. Here, we describe a 72-year-old man who underwent selective intra-arterial injection computed tomography angiography which allowed us to understand the detailed anatomy of the complex DAVF regarding access routes and the target regions for transvenous embolization (TVE). With the aid of this novel neuroimaging technique successful target TVE was achieved safely and completely.
Introduction
Dural arteriovenous fistula (DAVF) involving hypoglossal canal is rare, but has been increasingly reported due to the recognition of this pathology as well as the advancement of diagnostic tools. 1 Although transvenous embolization (TVE) is the common procedure to embolize DAVF, it is sometimes difficult to navigate the microcatheter to the shunting point because of a complicated and tortuous venous drainage system. 2 In addition, since coil embolization in the hypoglossal canal has a risk of hypoglossal nerve palsy, 2, 3 it is important to evaluate the detailed anatomy of the DAVF to plan an appropriate and safe strategy of embolization. 4 This report describes a case successfully treated with the aid of precise anatomical evaluation by selective intra-arterial injection computed tomography angiography (CTA).
Case Report
A 72-year-old man was referred to our institution with left proptosis, chemosis, and diplopia. Physical examination demonstrated left abducens nerve palsy, and a bruit at the left retroauricular region. Magnetic resonance imaging revealed a dilatation of the left superior ophthalmic vein (SOV), and digital subtraction angiography (DSA) confirmed a DAVF around the left hypoglossal canal (Figure 1 A-D). The left occipital artery (OA) and the right ascending pharyngeal artery (APA) were the main feeders. In addition to them, the left APA, middle meningeal artery, posterior auricular artery, a muscular branch from the vertebral artery and the right C3 radiculomeningeal artery were also feeding the DAVF. The fistula was draining into the left inferior petrosal sinus (IPS) and cavernous sinus (CS) retrogradely and refluxing into the left SOV and sphenoparietal sinus, and also draining into the left internal jugular vein (IVJ). Then, selective intra-arterial injection CTA was examined by a 16 row multi-detector CT (Aquilion LB 16, Toshiba Medical Systems, Otawara, Japan) installed in a hybrid CT DSA suite. Contrast media three times diluted with saline was injected at a speed of 0.3 to 1 mL per second through a selectively placed diagnostic catheter. Before and during injection of contrast media, helical scanning was conducted respectively for the subtraction analysis, and the imaging data were transported to a 3D-imaging workstation (SYNAPSE VINCENT, FujiFilm Medicals, Tokyo, Japan). Selective right APA-injection CTA (Figure 2 A-C) revealed the precise anatomy of the DAVF. This showed that the shunt was draining into the bottom of the left IPS via the anterior condylar confluence (ACC) through an anastomotic channel, and further flowed into the CS retrogradely and the IJV antegradely, and the posterior condylar vein was also draining the shunt blood from the jugular bulb to the suboccipital cavernous sinus. Another drainage route from the ACC was also visualized where the lateral condylar vein drained the shunt blood from the ACC to the vertebral venous plexus. Magnified view around the hypoglossal canal ( Figure 2C ) clearly visualized that the transosseous branches of the APA were shunting at the venous pouch in the clivus draining into the anterior condylar vein (ACV) near the outlet portion of the hypoglossal canal. Another magnified view of selective left OA-injection CTA ( Figure 2D ) showed that transosseous branches of OA were shunting at the venous pouch in the occipital bone draining into the ACV. Because the intracranial segment of the ACV was occluded, the shunt blood was draining only outwardly into the ACC. In summary, there were two major shunting points at the venous pouches, medially and laterally located to the hypoglossal canal, in the bony structure, and the ACV was the origin of the drainage route. From these findings, we planned TVE through the anastomotic channel between the left ACV and the IPS. To avoid hypoglossal nerve palsy by coil embolization in the hypoglossal canal, we performed target embolization of the two major venous pouches adjacent to the hypoglossal canal. Through a 7 French guiding catheter (Launcher, Medtronic, Minneapolis, MN, US) positioned into the left IJV, a J-shaped 4 French catheter was advanced into the ACC through the anastomotic channel between the ACC and the IPS. Then, a microcatheter (Excelsior SL-10, Stryker Neurovascular, Fremont, CA, USA) was navigated into the venous pouch where feeding branches from the left OA were shunting. This shunt was successfully occluded by target coil embolization of this pouch using bare platinum coils (Target Detachable coils, Stryker Neurovascular; ED coils, Kaneka medix, Osaka, Japan) ( Figure 3C ,D). At this stage, right APA angiography ( Figure 3E ) showed that the medial residual shunt was still draining from the patent ACV to the ACC. And this venous pouch was occluded by the second target embolization ( Figure 3F ). Although the shunt blood flow was decreased remarkably, retrograde drainage to the SOV and the sphenoparietal sinus was still remaining ( Figure 3G ). Therefore, we added some coils into the ACC and obtained complete eradication of the DAVF. Three-dimensional plain CT reconstruction immediately obtained after embolization showed a clear distribution of three different blocks of coils ( Figure 3J-L) . The post embolization course was uneventful except for transient mild hypoglossal nerve palsy lasting for two months after TVE.
Discussion
We presented a case of DAVF involving the hypoglossal canal successfully treated by target TVE under the guidance of intra-arterial injection CTA which provided the precise anatomy of the blood flow through the complicated DAVF and the skull base bony structures. Although DSA is the gold standard for the diagnosis of the DAVF, it is quite difficult to confirm the exact relation between angioarchitecture and the bony anatomical structure of the skull base such as the hypoglossal canal. Several modalities have been reported for the evaluation of this type of DAVF. Although 3D rotational angiography was applied, 5 this method, the best method to clarify the angioarchitecture such as shunting point, is also inadequate for visualizing bony structures. Source images from MR angiography were reported to be useful for the evaluation of intraosseous DAVFs around the hypoglossal canal. 6 Although MR angiography can visualize the rough location of the DAVF, there is still difficulty in the assessment of the exact location of the shunt and the detailed drainage route for the access of TVE. 7 CTA is also useful for the evaluation of intraosseous DAVFs, because this method can visualize vascular and bone structure concurrently. 6 With recent improvement of CT scanners, the reconstruction protocol and imaging workstations, conventional CTA could visualize the intraosseous vascular components to some extent. However, there are still difficulties in distinguishing the drainers from the normal venous systems. 8 Recently, C-arm cone beam CTA was applied in the evaluation of this type of the DAVF. 1, 3 Although this technique can provide 2D reconstructed images in any direction showing vessels and bony structures simultaneously, the quality of the images obtained by this modality is not as fine as those of conventional CTA. 1 To overcome these weak points, we applied intra-arterial injection CTA to present case. This method has been introduced in neuroimaging for the evaluation of intracranial aneurysm, feeding arteries of meningiomas and metastatic brain tumors. [9] [10] [11] Compared to conventional CTA with intravenous injection of contrast media, intra-arterial injection CTA provides high contrast imaging of specific vascular components, and the perfusion territory of the selectively injected artery. 11, 12 However, this method has not been widely used, and to our knowledge, only Gandhi et al. 12 applied it for the evaluation of diseases with arteriovenous shunt such as cerebral arteriovenous malformations, cerebral pial arteriovenous fistulas and cranial DAVFs. They reported that intra-arterial injection CTA can visualize precise vascular structures of intra-cranial small shunting lesions, and also provide information regarding surrounding structures such as cerebral parenchyma. However, they did not refer to the information on DAVF itself, and the present case report firstly documented the usefulness of intra-arterial injection CTA in the treatment of DAVF.
The point to notice in TVE for DAVF involving the hypoglossal canal is to overcome the tortuous venous access routes toward the ACV. Manabe et al. 2 reported that a microcatheter could not be navigated to the lesion in two out of five cases in TVE. In addition, TVE sometimes develops hypoglossal nerve palsy, which has been speculated to be caused by overpacking in the hypoglossal canal. 2, 3 Conversely, TVE occasionally resulted in incomplete occlusion of the shunts due to insufficient packing to avoid hypoglossal nerve palsy. 2 To obtain complete occlusion without nerve palsy, ACV should not be embolized tightly, but the venous pouch and the ACC adjacent to the ACV should be selectively embolized. 3 However, it has been reported that coils were placed in the ACV due to a lack of precise understanding of both the angioarchitecture and the bony anatomical structure in the previous cases. 2, 6, 13, 14 In the present case, selective intra-arterial injection CTA allowed us to confirm the detailed anatomy of the DAVF easily with the help of a 3D-imaging workstation, and was useful for evaluation of the access route and the target regions of TVE. The anastomotic channel between the IPS and the ACC was wide enough to navigate the catheter and two major venous pouches adjacent to the hypoglossal canal were considered to be embolized safely and effectively. Accordingly, it was realized that selective intra-arterial injection CTA provides high quality images of both the angioarchitecture specific to the selectively injected artery and the bony anatomical structure of the skull base. Therefore, we could cure the present case with mild transient hypoglossal nerve palsy by avoiding coil packing of the ACV. We are collecting data on selective intra-arterial injection 3D CTA in DAVF patients to evaluate the quality and usefulness of this method with an appropriate sample number in the next stage.
